LENS MOVING DEVICE 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a lens moving device which 

is provided in a digital camera , for example , to move a photographing 
lens along the optical axis thereof. 

2 . Description of the Related Art 

Conventionally there is known a lens moving device, mounted 

10 in a digital camera, which is constructed in such a manner that 
a cam follower , provided on a support mechanism of a lens , is engaged 
with a cam surface of a cam gear rotated by a motor. Namely, the 
lens is moved along the optical axis by the rotation of the cam 
surface. The cam gear is usually molded from synthetic resin. 

15 Generally, a portion corresponding to an injection mouth (provided 
in a mold to inject melted synthetic resin into the mold) is formed 
on a member molded from the synthetic resin, as a gate mark. If 
this gate mark is recessed, the cam follower may engage the gate 
mark, which may cause the cam gear to stick. Therefore, the gate 

20 mark is formed on an area (or non-operative area) of the cam gear, 
where the cam follower does not engage in a normal operation. 

However , if the motor overruns a predetermined drive amount , 
the cam follower may enter the non-operative area, which may cause 
the cam follower to stick in the gate mark. If the cam follower 

25 sticks in the gate mark, the movement of the lens is stopped. 



SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to provide 
a lens moving device in which the cam follower does not engage 
the gate mark even if the motor overruns . 
5 According to the present invention , there is provided a lens 

moving device comprising a lens support mechanism, a drive source, 
a cam member, and a cam follower. 

The cam meinber is provided with a non-operative area with 
which the cam follower is not in contact during a normal operation - 

10 The non-operative area has a gate mark formed during the resin 
molding process . The stopper prevents the cam follower from 
interfering with the gate mark. The lens support mechanism 
supports a lens in such a manner that the lens moves along the 
optical axis thereof. The drive source moves the lens along the 

15 optical axis . The cam member is rotated by the drive source. The 
cam member is molded from synthetic resin and is provided with 
a stopper. The cam follower comes in contact with the cam member 
to transmit the rotational movement of the cam member to the lens 
support mechanism as a linear movement of the lens along the optical 

20 axis. The cam member is provided with a non-operative area with 
which the cam follower does not come in contact during a normal 
operation. The non-operative area has a gate mark formed during 
the resin molding process . The stopper prevents the cam follower 
from interfering with the gate mark. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 
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The objects and advantages of the present invention will 
be better understood from the following description, with 
reference to the accompanying drawings in which: 

Fig. 1 is a sectional view of a photographing optical system 
5 of a digital camera to which an embodiment of the present invention 
is applied; 

Fig. 2 is a perspective view showing a cam gear and a rear 
lens group; and 

Fig. 3 is a view schematically showing gate mark, and first 
10 and second stoppers. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will be described below with 
reference to an embodiment shown in the drawings . 

Fig. 1 is a sectional view of a photographing optical system 
15 of a digital camera to which an embodiment of the present invention 
is applied. 

A lens barrel 10 has a small diameter portion 11 and a large 
diameter portion 12. A front lens group 20 is held in the small 
diameter portion 11, and a lens holding frame 30, in which a rear 

20 lens group 40 for performing a focusing operation is held, is 
disposed in the large diameter portion 12. An imaging device 
holding member 60, to which a CCD sensor 61 is fixed, is provided 
to the opposite side of the small diameter portion 11 with regard 
to the lens holding frame 30. An optical low pass filter 62 is 

25 disposed between the CCD sensor 61 and the rear lens group 40. 



Namely, light, which is reflected from a subject and passes through 
the front lens group 20 and the rear lens group 40, is led to the 
CCD sensor 61 through the optical low pass filter 62, so that the 
subject image is formed on a light receiving area of the CCD sensor 
5 61. 

Guide shafts 51 and 52 are disposed in the large diameter 
portion 12 . One end of each of the guide shafts 51 and 52 is fixed 
on an inner wall surface 12a of the large diameter portion 12, 
which is perpendicular to the optical axes of the front lens group 

10 20 and the rear lend group 40. The other end of each of the guide 
shafts 51 and 52 is attached to an outer wall surface 60a of the 
imaging device holding member 60. The guide shafts 51 and 52 are 
positioned in such a manner that the central axes thereof are 
parallel to the optical axes of the front lens group 20 and the 

15 rear lens group 40. Holding frame support portions 31 and 32 
extending in radial directions are formed on an upper surface and 
a lower surface of the lens holding frame 30 in the drawing. A 
hole is formed in each of the holding frame support portions 31 
and 32, each of the guide shafts 51 and 52 is inserted in the hole. 

20 Thus, the lens holding frame 30 is movably supported by the guide 
shafts 51 and 52 along the optical axis of the rear lens group 
40. 

A stepping motor 70 is fixed on an upper surface of the 
imaging deviceholdingmember 60 in thedrawing. The imaging device 
25 holding member 60 has a cylindrical wall 60b, and a step portion 
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72b of a ring-shaped cam gear (or cammCTiber) 72 is rotatably engaged 
with a tip portion of the ciylindrical wall 60b. A pinion gear 
71 is fixed to an output shaft of the stepping motor 70, and the 
cam gear 72 is meshed with the pinion gear 71 . Thus, the cam gear 
5 72 is rotated by the stepping motor 70. The front lens group 20 
side of the cam gear 72 is provided with a ring-shaped cam surface, 
and the opposite side to the cam surface is provided with a 
wall -shaped barrier (or dog) 72a. 

A cam follower 31a, which is slidably engaged with the cam 

10 surface of the cam gear 72, is formed on the holding frame support 
portion 31. In the guide shaft 51, a compression spring 80 is 
wound around a portion between the inner wall surface 12a and the 
holding frame support portion 31 , to always urge the holding frame 
support portion 31 toward the cam gear 72. Therefore, the cam 

15 follower 31a comes into contact with the cam surface of the cam 
gear 72. Namely, when the stepping motor 70 is driven so that 
the cam gear 72 is rotated through the pinion gear 71, the lens 
holding frame 30 is moved along the optical axis of the rear lens 
group 40 in accordance with the inclination of the cam surface. 

20 Thus, the rotational movement of the cam gear 72 is transmitted 
to the lens holding frame 30 as a linear movement of the rear lens 
group 40 along the optical axis. The cam surface includes a 
focusing area from the infinity in-focus position to the shortest 
distance in-focus position of the rear lens group 40. 

25 An initial position sensor 90 is fixed on a lower surface 



of the imaging device holding member 60 in the drawing . The initial 
position sensor 90 is a photo-interrupter having a light-emitting 
diode and a photoreceptor element, between which the barrier 72a 
can pass due to the rotation of the cam gear 72 . The pass of a 
5 tip portion of the barrier 72a can be recognized by sensing the 
rotational direction of the cam gear 72 and a change of the value 
of the output electric current of the initial position sensor 90. 

Fig. 2 is a perspective view showing the cam gear 72 and 
the lens holding frame 30 supporting the rear lens group 40. 

10 The cam surface 73 is not perpendicular to the optical axis 

of the rear lens group 40, but is inclined to a plane perpendicular 
to the optical axis. In Fig. 2, the cam follower 31a is engaged 
with a relatively high position of the inclination of the camsurface 
73. If the cam gear 72 is rotated in the A-direction, the cam 

15 follower 31a is engaged with a relatively low position of the 
inclination of the cam surface 73. From this condition, if the 
cam gear 72 is rotated in the B-direction, the cam follower 31a 
is engaged with a relatively high position of the inclination of 
the cam surface 73. Thus, the lens holding frame 30 or the rear 

20 lens group 40 are moved along the optical axis , a focusing operation 
is performed. A flat surface 77, which is a plane perpendicular 
to the optical axis of the rear lens group 40, is provided to the 
whole of the outer periphery of the cam surface 73. The large 
diameter portion 12 (see Fig. 1) comes into contact with the flat 

25 surface 77. 
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The barrier 72a is an arcuatedly bent plate, which is formed 
on a surface opposite to the cam surface 73 and extends over a 
focusing area included in an operative area which is inclined in 
the cam surface 73. The barrier 72a is formed in the circular 
5 direction of the cam gear 72 in such a manner that the pass of 
an end of the barrier 72a can be sensed by the initial position 
sensor 90 when the rear lens group 40 is positioned at the infinity 
in-focus position. 

The rotational amount of the cam gear 72 relative to the 

10 rotational amount of one pulse of the stepping motor 70 is set 
in such a manner that, when the stepping motor 70 is driven by 
a predetermined niomber of pulses, the cam follower 31a is moved 
from an end portion of the focusing area to the other end portion 
of the focusing area. 

15 The cam gear 72 is molded from synthetic resin. Namely, 

melted synthetic resin is injected into the injection mouth of 
the mold to manufacture the cam gear 72, and a gate mark 74 is 
formed on a surface of the cam gear 72 because of the injection 
mouth, during the resin molding process. Since gear teeth 75 are 

20 formed on a side surface of the cam gear 72, it is not allowed 
to form the gate mark 74 on the side surface. Further, since the 
surface opposite to the cam surface 73 of the cam gear 72 is provided 
with the step portion 72b (see Fig. 1) and the barrier 72a, there 
is not enough breadth for the diameter of the injection mouth such 

25 that the synthetic resin is injected into the mold, and therefore. 



the gate mark 74 cannot be formed on the opposite surface. 
Accordingly, the gate mark 74 should be formed on the cam surface 
73. 

First and second stopper 76a and 76b are formed on the cam 
5 surface 73 , and the gate mark 74 is located between the first and 
second stoppers 76a and 76b. Each of the first and second stoppers 
76a and 76b has a height such that the cam follower 31a cannot 
get over the stoppers 76a and 76b, which prevents the cam follower 
31a from interfering with the gate mark 74. Each of the first 

10 and second stoppers 76a and 76b extends along a radial direction 
of the cam gear 72 . 

With reference to Fig. 3, a range, in which the gate inark 
74 and the first and second stoppers 76a and 76b are provided, 
is explained below. 

15 As described above, the cam surface 73 of the cam gear 72 

is provided with the operative area which is inclined relative 
to a plane perpendicular to the optical axis, and the rear lens 
group 40 is displaced along the optical axis in accordance with 
change of a position in the operative area, with which the cam 

20 follower 31a engages. On the cam surface 73, the operative area 
X functioning as a cam is provided over approximately 2/3 of the 
whole periphery, and an area other than the operative area X is 
a non-operative area Y which is not inclined and does not function 
as a cam. 

25 The stepping motor 70 is driven in such a manner that the 



cam follower 31a comes into contact with only a predetermined 
focusing area F in the operative area X. Namely, in a normal 
operation, the cam follower 31a does not come in contact with the 
non-operative area Y . Therefore , the mold i s manufactured in such 
5 a manner that the gate mark 74 is formed on the non -operative area 
Y, so that the cam follower 31a does not interfere with the gate 
mark 74 . 

However, if the stepping motor 70 overruns, the cam follower 
31a may come off the operative area X and enter the non-operative 

10 areaY. Therefore, in the embodiment, the first andsecond stoppers 
76a and 76b are formed at the both end portions of the non-operative 
area Y . Thus , when the steppingmotor 70 overruns , the cam follower 
31a hits the first or second stopper 76a or 76b to stop, so that 
the cam follower 31a is prevented from entering the non-operative 

15 area Y . When the cam follower 31a hits the first or second stopper 
76a or 76b, the cam gear 72 is controlled to rotate in the reverse 
direction so that an end of the barrier 72a passes through the 
initial position sensor 90, so that the lens moving device can 
be returned to a normal condition. 

20 The gate mark 74 is acceptable so long as the gate mark 74 

is prevented from interfering the cam follower 31a, and thus the 
gate mark 74 may be formed on the stopper 76a or 76b, for example. 

The stoppers 76a and 76b are provided at both end portions 
of the non-operative area Y, in the embodiment. However, if the 

25 height of the step 100 (see Fig. 2) between the lowest position 
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of the cam surface 73 and the non-operative area Y is so high that 
the cam follower 31a cannot get over the step 100, the stopper 
may be provided only at the end of the non-operative area Y of 
the cam surface 73, in which the step is not provided. Namely, 
5 only the second stopper 76b may be provided. 

Although the embodiments of the present invention have 
been described herein with reference to the accompanying 
drawings, obviously many modifications and changes may be made 
by those skilled in this art without departing from the scope 
10 of the invention. 

The present disclosure relates to subject matter 
contained in Japanese Patent Application No. 2000-193969 
(filed on June 28 , 2000) which is expressly incorporated herein , 
by reference, in its entirety. 
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